
EXPRESSION VECTOR FOR HIRUDIN AND TRANSFORMED CELLS 
AND TRANSGENIC ANIMALS CONTAINING SAID VECTOR 

TECHNICAL FIELD 

[0001] The present invention relates to an expression vector, a transformed cell containing the 
same. Also, a transgenic non-human mammal whose genome comprises a DNA construct 
comprising in operable association promoter specifically expressing gene in a mammary gland 
cell or tissue and a nucleic acid encoding hirudin and cells isolated from the transgenic non- 
human mammal are provided. 

□ BACKGROUND ART 

f| [0002] Hirudin is a polypeptide with anti-thrombotic activity consisting of 65 to 66 amino 
W acids which is isolated from the salivary glands of Hirudo medicinalis. Three hirudin 
!p variants, HV1, HV2 and HV3 are known as natural Wrudins, which have some differences in 
their numbers of amino acids and protein structures. Hirudin has a high specificity to 
! ? thrombin, thereby it can combine with thrombin to inhibit the coagulation ability of thrombin. 
Therefore, hirudin can be used in the treatment of anticoagulation. 

[0003] In early times hirudin was obtained by purifying and isolating it from the salivary 
glands of Hirudo medicinalis. It is difficult to provide large amounts of hirudin for medical 
use. The production of hirudin by gene recombinant technology started from the discovery of 
the amino acid sequence and the protein structure of hirudin (Dodt et al. , FEBS Lett. 165: 180- 
184, 1984). EP 158,564, EP 168,342, EP 171,024, EP 412,526, EP 687,731 and USP 
5,824,505 disclosed the production of recombinant hirudin using prokaryotic system, such as 
Escherichia coli. The hirudin produced by E. coli is secreted to the periplasmic space. To 
recover the hirudin, it is necessary to disrupt the bacterial cells. Thus the yield of the hirudin 
is low. In addition, since the prokaryotic system lacks post-translational modification, the 
biological activity of the resulting hirudin is also poor. 

[0004] In the eukaryotic expression system, yeast is customarily used as the host cell. 
However, the C-terminal of the resulting hirudin will be degraded by carboxypeptidase. USP 
5,866,399 disclosed a carboxypeptidase-deficient yeast to produce hirudin. However, the yield 
produced by such a yeast method is low. 



DISCLOSURE OF INVENTION 

[0005] One object of the invention is to provide an expression vector for expressing a hirudin 
comprising a mammalian origin of replication, in operable association promoter specifically 
expressing gene in a mammary gland cell or tissue and a nucleic acid encoding hirudin. 
[0006] Another object of the invention is to provide a transformed mammary gland cell which 
comprises the expression vector of the invention. 

[0007] One further object of the invention is to provide a non-human transgenic mammal 
whose genome comprises a DNA construct which prepared from above expression vector, 
comprising in operable association promoter specifically expressing gene in a mammary gland 
I* cell or tissue and a nucleic acid encoding hirudin. 

S [0008] Another further object of the invention is to provide the mammalian cells which are 
S isolated from above transgenic non-human mammal whose genome comprises a DNA construct 
> which prepared from above expression vector. 

f [0009] Another further object of the invention is to provide a polynucleotide for amplifying 
g the gene of the hirudin, which is selected from the group consisting of SEQ ID Nos.l, 2, 3 and 
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1 [0010] Anomermr*erohjec,ofmeinve«ionis.op« 

! * of the hirudin, which is selected from Ore group consisting of SEQ ID Nos.5, 6, 7 and 9. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[OOlllFig 1 showsttrepolynucleotidechainsequencesofHi-AF.Hi-AR.Hi-BFandHi-BR. 
[0012] Fig. 2 shows the nucleotide sequence of primer for ore PCR of Hi-PCR-AF, H-PCR- 
AR Hi-PCR-BF and Hi-PCR-BR. 

[0013] Fig 3 shows the scheme for the synthesis of the fragment of hirudin gene. 
A^ [0014] Fig. 4 shows rhe/ucleotide sequence of hirudin gene and me amino acid thereof. 
fT-^ [001 s, Fig. 5 shows ^construction of the expression vector for specifically expressing m 
the mammary gland cell and tissue. 

[0016] Fig . 6 shows a plot of plasma coaguladon of the gene-transformed mtunmary gland cell 
or the homogenization solution of the gene-transformed mammary gland tissue. 



[0017] Fig. 7 shows a plot of plasma coagulation of the gene-transformed mammary gland cell 
or the culture solution of the gene-transformed mammary gland tissue. 
[0018] Fig. 8 shows analysis of aLA-hirudin transgenic mouse (A) and pig (B) by polymerase 
chain reaction. " + ", "Tg" and "W" presented positive, negative, transgenic animals and 
water, respectively. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0019] The present invention features an expression vector for expressing a hirudin in a 
mammary gland cell or tissue. Comprising in operable association promoter specifically 
expressing gene in a mammary gland cell or tissue and a nucleic acid encoding hirudin. The 

0 present invention also provides a transformed mammary gland cell. An transgenic mammal 
S whose genome contains a DNA construct prepared from such expression vector and cells 

y isolated from such transgenic non-human mammal are also disclosed. 

y i 

"P Definitions 

if [0020] The term "hirudin", as used herein, refers to any one of the forms of natural or 
g synthetic hirudin, that is to say, a product having the same activity in vivo as hirudin, which 
!l f will sometimes be referred to as a hirudin analog. 

1 [0021] The term "expression vector", as used herein, refers to a vector capable of directing 

I U the expression of a gene to which it is operatively linked. In general, an expression vector of 
utility in recombinant DNA techniques is often in the form of a "plasmid" which refers 
generally to a circular double stranded DNA loop which, in its vector form is not bound to the 
chromosome. 

[0022] The term "host cell", as used herein, refers to a cell of a host which can be infected 
with a vector, such as a plasmid. 

[0023) The -non-human mammal" of the invention comprises any non-human mammal whose 
genome contains an expression vector as described herein. Such non-human mammals inchtde, 
but are not limited to, rodents, non-human primates, ovines, bovines, ruminants, lagomorphs, 
porcines, caprines, equines, canines, felines, aves, etc. 

[0024] The term "transgene" as used herein refers to a foreign gene that is placed into an 
organism by inducing the foreign gene into an embryonic stem (ES) cells, „ew!y fertilized 
eggs or early embryos. 



[0025] The term "gene" refers to a DNA sequence that comprises control and coding sequences 
necessary for the production of a polypeptide or precursor. The polypeptide can be encoded 
by a full-length coding sequence or by any portion of the coding sequence, so long as the 
desired enzymatic activity is retained. 

[0026] The terms "inoperable association", "inoperable order" and "operably linked", as used 
herein refer to the linkage of nucleic acid sequences in such a manner that a nucleic acid 
molecule capable of directing the transcription of a given gene and/or the synthesis of a desired 
protein molecule is produced. The terms also refer to the linkage of amino acid sequences in 
such a manner so that a functional protein is produced. 

[0027] The terms "promoter element" or "promoter", as used herein refer to a DNA sequence 
that is located at the 5' end of (i.e., precedes), a gene in a DNA polymer and provides a site 

51 for initiation of the transcription of the gene into mRNA. 

W Pr ^rc F.xpre ^™ V^tor and Host System 

m [0028] Oneobjectofmemventionistop^ 

£ comprising a mammalian origin of replication, in operable association promoter specifically 

expressing gene in a mammary gland cell or tissue and a nucleic acid encoding hirudn. 
S [0029] According to the invention, the nucleic acid encoding hirudin is operably linked to a 
K promoter specifically expressing gene in a mammary gland cell or tissue. According to the 
?. invention, me expression vector has me mammalian origin of replication. 
' ,U [0030] According to the invention, the vector can be obtained through the synthesis and 
cloning of the hirudin gene. The hirudin gene sequence has been disclosed in GenBank, 
(Accession number M26726). 

[00311 It is difficult to obtain the Hirudo medicinalis so tha. Ihe hirudin cannot be produce . 
[arge mass by using the construct of gene library or reverse-transcriptase po.ytnerase chant 
reaction. According ro the invention, the synthesis and cloning of the gene of the hirudin are 
via chetnica. synthesis method. Four polynucleotides are designed based on the sequence of 
me hirudin gene as disc.oseu in me GeneBan* (see SEQ rD No,., 2, 3 and 4). According .o 
me invention, new primers are designed based on the 5- and 3- end of me SEQ ID No,., 2, 
3 or 4 ,o conduct <he polymerase chain reaction. Preferably, me primers are selected from the 

group consisting of SEQ ID Nos. 5,6,7 and 8. 

u or^iifipYl through PCR using the above-mentioned 
[0032] The gene fragment of hirudin can be amplified mrougn rr,K g 





polynucleotides chains and primers. THe resulting fragment is cut by appropriate restriction 
enzymes and then cloned to an expression vector containing a promoter specifically expressing 
gene in a mammary gland cell or tissue. Preferably, the promoter is isolated from human, pig, 
cattle, horse, goat, camel, sheep or rodent. More preferably, the promoter is isolated from the 
n^anunary gland cell or tissue of human, pig, cattle, horse, goat, camel, sheep or rodent. More 
preferably, said promoter is selected from the group consisting of casein gene, whey acxd 
protein gene, lactoalbumin gene and lactoglobulin gene. Most preferably, said lactoalbumm 
promoter is a-lactoalbumin promoter. 

[0033] Another object of the invention is to provide a transformed mammary gland cell whtch 
comprises an expression vector for expressing a hirudin in mammary gland cell or ttssue, 
comprising in operab.e association a promoter specifically expressing gene in a mammary 
% g,and cel. or tissue and a nudeic acid encodmg hirudin. Preferably, Ore promoter is .solated 

* from human, pig, came, horse, goat, came,, sheep or roden, More preferab,y, the promote, 
is isCated from the mammary gland cel. or tissue of human, pig, came, horse, goa,, came, 

, sheep or rodent. More preferab.y, said promoter is se,ected from the group conststrng of 
' 0 casein gene, whey acid protein gene, lactoalbumm gene and .actog.obufin gen, M» 

* preferably, said lactoalbumin promoter is a -,ac,oa,bumin promoter. Accordmg .0 me 
5 Lendommen^g.andceUisfromvariousmamma., Preferably, the mammary g.a*d 

i cell is from human, pig, goat, sheep, camel or rodent. 

^^fH obi ect of the invention is ,0 provide a non-human transgenic mamma, 
whose genome comprises a DNA — which is prepatcd from expression vector fo 
expressing hirudin in mammary gland eel, or tissue comprising in operable assoaatton 
printer specific,,, expressing gene in a mammary gland cell or tissue and a nucletc act 
encoding hirudin. Preferab.y, the promoter is iso,ated from human, pig, ca«,e, horse, goa, 
came, sheep or rodent. More preferab.y, the promoter is isoiated from the mammary g,and 
fiJ of human, pig, came, horse, goat, came,, sheep or tcden, More preferab.y, satd 
promos is se,ec,ed from me group consisting of casein gene, whey acid proton, gene, 
Lalbumm gene and Uctog.obuhn gene. Most preferabiy, said ,ac t oa,bumin promoter ts a- 
lactoalbumin promoter. 

(0035, Recent advances in mo,ecu,ar genetics have provided power*., too, 8 for Ute generatton 
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of novel transgenic anhna.s for «he study of human disease or the production of usefu, 
substance A gene of interest can be unreduced info a mouse by standard transgenic methods. 
For example, embryonal ceUs a, various development stages can be used ,o introduce 
nansgenes for the production of transgenic animai, Different methods are used depending on 
ft. stage of deveiopmen. of me embryonal cel.. The zygote is me best urge, for mtcro- 
injection. The use of zygotes as a targe, for gene transfer has a major advantage, in ma, . 
most cases tite injected DNA will be incorporated into the host genome before the firs, 
Ceavage As a consequence, all ells of tire transgenic non-human animal will carry the 
beaten transgene. Micro-injection of zygotes is the preferred method for incorporartng 

transgenes in practicing the invention. 
* [0.3O, Another object of the invention is to provide a mammalian cel., which ts tsolated from 

i,y gland cell. 

b Us dte — mammary ce, with the expression 

F under appropriate cuUivatiou conditions and men recovering the lurudtn express* by s 

S IIuI — to the invention, tite cultivation conditions of the mammary ceUs and tite 

10038] On the outer hand, the hirudin a.so can be produced by tite transgetu 



invention. 
Utility 



S The present mvention provides an expression vecmr for ~ ~ ^ 
10040, The tramgetu ^ hirudin is produced m 
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advity • in addition, the processes of maturation of the recombinant proteins wffl be probably 
ZZ, Cg.ycosy.ahon, phospho^hon, Ceavage and tbe Given tbe above tbe barudnt 
I be i produced front tbe hansgenic anhna. o, the invention and baa bio.og.ca. aeuvuy. 

EXAMPLES 

t7v^ pl P 1: A r ^™* Synthesized Hirudin Gen e 

1 1 • Synthesis of Polynucleotide Chains of Hirudin Gene 

^042] Polynucleotide chains were designed and synthesized based on the hirudin nuclide 

the synthesized polynucleotide chains are Se ql (Hi-AP), Se q 2 (Hr-AR), Seq3 « ^ 
(Hi BR) wherein Hi-AF and Hi-AR are complementary sequences and Hi-BF and Hi-BR are 
(Hi-BR), wherem * according to the 5'-termmal 

complementary sequences. Moreover, PCR primers & Hi-BF and Hi-Br. As 

„f hnth the forward and reverse strands of Hi-AF, Hi ak, ni 
sequences of both the forwar (Hi-PCR-AR), Seq7 (Hi-PCR- 

shown in Figure 2, the primers are Seq5 (Hi-PCR A*), 
BF) and Seq8 (Hi-PCR-BR), respectively. 

l^ 2 ^^^ leotide chains Hi-AF and Hi-AR as 

[00 431 PCR was carried out respectively using the polynucleotide H 

, . < and Hi PCR-AF and Hi-PCR-AR as the primer pair and using the poly 
the templates and Hi PCK at Hi-PCR-BR as the primer pair 

(200 each), and the above prunes pans (0.2 „M each) w 
ONM (1 n g each). » polymerase (0.5 U. purchased front Promega Co., USA) 
tagre dient. The ,ota, reaction vohtnte is ^,00 ,.. fc ^ ^ 

[0M4 , The above ntixntres were heated a, 94 for 5 ^ ^ ^ 

Th e reaction conditions are 94°C for 45 seconds, 60 C for 45 
seconds. After a total of 40 cyc.es, the mixtures were subjected ,o 
complete the DNA extension, 
^^rasaling nf HiPidin Qene sequgsa 
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[0M5] A s shown in Figure 3, a curting site for the — enzvme » - 

LI T-termina, of Hi-A and 5'— o, Hi-B. The ^ P^cts o,H.-A andH, 

B lied fro, Step . ., • - - — - - " ~ ^ ^ 

DN A fragments of Hi-A and Hi-B were electrophorized and recovered from 2% agarose ge 
r^lenon » (purchased from Viogene). The two fragment were Ugared to obtarn 

Fi , 4 (A) shows me obtain, hmadm -^^1^0 1 33 is different 
obtained hirudin amino actd sequence (SEQ ID NO.1 ), 

from ma, of H». hirudin sequence, (asparUc aci to argmm^. Th "cioning-A 
reaction and ligation bom employ Known standard methods, (see Moie 
Laboratory Manual; Co!d Spring Harbor, WW. exEIS5sjasJli ^^ 

m a ^ Mamm a ry Gtomi Tissue 

^"^m^sS me restriction enzymes and l« were 

PMC AS shown in Ftgure 5 -« ^ ^ ^ u m DNA 
designed a. both dre 5'- tt rmmal of H.-A and ^ ^ 

by m e restriction enzymes BanM * M* ™ *° ^ with thc 

transformed into E. coll NMDz f (Molecular Clorung-A 

selected. The above transformation employs a known method, 
Laboratory Manual; Cold Spring Harbor, 1989). 
2aL£onsffiicti^^ 

l^O^M^^ _ anQOg) were dissolved in de-ionized 

[0047] Bacto-trypton (10 g), yeast extract (5 g) an NaCl 0 g^w ^ 
water (1 L). After adjusting the pH to 7.5, the soluuon was autoclaved. 
Bertani (LB) medium was ob.ined. ^ ^ ^ ^ ^ „ 

[0048] Ampicillin (50 mg/mL, 10 /xl), was aooe 
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a fina, cone— of 50 *UL and LB/ Amp medium was obrained. The 
rransformanrs se.ee.ed in Step 2.1 were inocu.a.ed into the LB/ Amp medium. After cu.rure4 
wit h agitafton a, 37°C for 24 hours, ttre bacteria were coUecred and me pE-Hi vector DNA was 
purified by Plasmid DNA Mini-M™ Extraetion Systemfpurehased from Vrogene). 
i». cansn aaian " f Baasssiflfl Vm<r pPrtT A-Hi 

,0049! As shown in Frgnre 5, me expression vecror pE-Hi was eur by me restriction enzymes 
Bam HI and X/toL and me eur ,.6-xb DNA fragment was e.ecophorized and recovered ^ 

1« agarose gel. Ligation was performed with said DNA fragment and a » DNA 

.agnln— the promoter of 

B expressing hirudin in mammary gland ceUs and mammary gland ussues was obtamed and 
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S named, pE-aLA-Hi. e xore*dngJ^^ 



i;3 Line 



i„ ,he above culmre conditions have an appearance of a smgle polyg 
gr „w» m me above cu ^ ^ ^ ^ M 

renutc.es. and do no. have me mncoon of ad ? 
secretion of ,rge amounrs of proten* ou, of me J* ^ , layer of 

pr „,ac,in and 1 .g/mL dexamethasone were added ,o me odm«m 

cuhuring me NMuMG ce.,s for 24 hours, obvious ce„ co.on.es ^ 

"^^^^ uniform* mtxed with Uposomes (.00 

[0051] The pE-aLA-Hi vector DNA (5 ^ was 



# 

, L , SuperFact, purchased from QIAGENE), and then serum-free DMEM — ^ 
was added .0 become a TWA*-— solution", which can be used (or the gene 

addition of hormones (insulin, pro.ac.in and dexamethasone) were rtnsed w.Ur l-«me 
phosphate-buffered salme (PBS, pH 7.4), tor 3 tun „„.r s%Cata 

Ludon was added therein and the cells were incubated in an tncubator a, 37 C, 5% CQ fo 
soiuuon w» « ft contmuously 

Ihour Then DMEM medium (4 mL), containing 20% FBS was auoe 

* cells for 24 hours the solution containing DNA and liposomes was removed and 

cuhunng the cells for 24 ta-. was 5Q0 

DMEM medium contannng 10% FBS was ado 

, , a Uo called G418, purchased from Sigma) was added at the same tune 

«* *° 7 d cells The culmre medium was replaced irregularly thereafter 

Jj succcsshiUy gene-transformed ^ ^ pE . aLA . Hi stably 

g and after culturing for 2 successes genets ^NM ^ fce 

«1 existing and expressed in the presence of G418 (pE 

"P ^ •„„ nf Hirudin bv Mammary Gland Cell Line 

!■* 4.1: Expression of Hirudin by m (pE -aLA-Hi/NMuMG) obtamed 

!■* from Step 3.2 was cultured in the mammary gla ^ 

S — - t - Sr^SS c" - colonies showed an 
g Marnxge., (as described m Step 3.«_. ^ ^ ^ ^ 

— - °' " T tST M^a" Us were separated from the petri dish 

was moved into a clean £ m^ Ma^y ^ $ ^ ^ 

with 0.25% trypsin somtton. Afta cenh: g ^ t ^ 

was removed and - were c— ^ ^ ^ _ ^ 

- - T^ZZII* o.enwidtasonicatora.cennihtgedatd.OOOrpmfor.O 

rLTJT^ rneob^edsupe^.-.rud,— homogem.ed 

cell solution. ^Hvitv of hirudin was carried out 

^Determination of Ore and— don bto-ogc* 

ta aependen«y wim me homogenized mammary g and 
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biological activity determination. 

4 ->■ pamnina tiaii " f Ami-cnamihiion Bialagigal Activity 

.0054} Bovine thrombin (purchased from Sigma), with a concentration of 0.2 pmo.e was 
prepared with ana.ysis buffer, 0.12 M Nad, 0.01 M sodium phosphate, 0.01% NaN, and 

0 1% boviue serum albumin, P H 7.4). Various concentrations (0.04, 0.08, 0.16, 0.32, 0.64, 

1 28 and 2 56 pmole) of market available natural hirudin (purchased from Sigma), vanous 
amounts (0.03 , 0.06, 0.43 , 0.25, 0.5, 1 and 2 mg ,0.1 protein) o, homogenized gene- 
Unformed mammary gland cell solution or various vohtmes (0.15, 0.31, 0.62, .25, 2AS 
and 10 ,L), of gene-transformed mammary gland cel. culture medium were mdependendy 
led with 50 , L bovine thrombin described above. After reacting a, 24'C for , mmute 100 

. 7,0-rime analysis-buffeted human serum was added, mixed and aUowed to react for 
S 20 second, After .5 minute, the absorhance a, 405 nm (A*,), of me reaction nuxmre was 
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111 shown in Figure 6 and 7, when me concentration of Ore nahrra, hirudin is 0,6 
S 1 e is a,mo, no coagu.,ion; a shnilar no-coagulation simation happen, when £ 
; l Znnts of me homogenized gene-transformed mammary gland ce„ — ^ ~ 
5 transformed mammary gland cell culmre ate 0.25 mg and .0 ,L, , 
S — nsofmenamralhirudm.mehomogen^gene— 
' so ,u,ion and me gene-transformed mammary gland ceU culmre me4rum needed for Jhe an« 
Ration real a, me A. readmg of 0.05 are 0.52 pmo,e, 0.056 mg and 0.5 

^^^^ 
r.i?nri Tissue 

- — 6 . rt „ th( , 1 1* dav after delivery, and the 

rnn**i ICR female mice in lactation were sacrificed on the 11 day aner 

,. tim e PBS for 3 times and was centrifuge* at a low speed of 1,000 *m f 

order to wash off the miU, The mammary gland tissue was cut mto 8-mnf pteces. We 

0.25 g tissue and suspended hi 0.8 mL DMEM medium. 

IT nun Trnm f-n nl'""" fM -" nn1OTO|; " 1(tMIS 
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[0057] Gene transformation was carried out by the e.ectroporation method. pE-aLA-Hi 
p,asmid DNA ( 40 „g>, was added into the mammary g.and tissue obtained from Step 
After me mammary g,and tissue and DNA were uniformly mixed for 10 minutes, they were 
pu, t.,0 an etectroporation cuvene with a width of 0.4 cm and .mated by an etec.ropora.or 
(ECM 200! , BTX, USA) under the condition of 200 V/cm, 50 ms for 6 times. The treated 
mammary gland tissue was moved into a 35-mm pear dish and the medium was changed to 
DMEM medium containing 5 «M- insutin , 5 „g/mL prolactin, 1 Mg/mL dexamethasone and 

gene-transfonned mammary gland tissue was cuUured in an incubator a. 3TC, 5% 
U for 48 hours, and anti.oagma.ion activity of hirudin in me cu.mre was detenmne d . The 

0 the homogenized solution was determined. 

% ^^ten^on^^ biological active was earned on, wtth vanous 

W0M OCti 0 43 0.25, 0.5, ! and 2 mg total protein), of homogenized gene- 
amounts (0.03, 0.0b, u.«, u.^ 1.25,2.5, 

' t h hoTo emzed ^-transformed mammary gland col. sohttion and tire gene- 

amounts of the homogenized gene resoectively. The 

^formed mammary gland ce„ cuhure are . mg and "j^^Zl,' 
nations of tite namra, hirudin, the ^^^^"lagu.ation 

F .o^ r i P rV Transgej ^AlHBials 

6.1: Preparation of Transgene ?? 

--~--^r: N A"^ - 

SV40 poly A tail seauen.. The * « ™ ^ ^ md ^ with 

electrophorized and recovered from 1% agarose gel by 
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T.E. buffer (10 mM Tris-HCl, 0.25 mM EDTA, pH 7.4) to 1 ng/>l for murine and porcine 

pronuclear microinjection. 

6.2: Gene ration of Transgenic Mice 

[0062] Mature ICR mice were used as embryo donors and recipients. All mice are reared in 
a clearance laboratory rodent house, conditioned at 20°C to 26°C, ventilated by HEPA system, 
with 14 hours photo-period, fresh water and feed are supplied ad libitium. All donors were 
superovulated by i.p. injection of PMSG (pregnant mare serum gonadotropin , 10 IU, China 
Chem. and Pharm. , Taiwan) and i.p. injection of human chorionic gonadotropin (hCG) (10 IU, 
purchased form China Chem. and Pharm., Taiwan), at 48 hrs post PMSG injection, and then 
were mated with stud ICR male at the day of injection hCG. 
K* [0063] Fertilized zygotes were flushed from oviducts and the pronuclear embryos were 
% micromanipulated by Narishige manipulator with differential interference contrast inverted 
microscope, (Nikon, Japan). The transgene was injected into the male pronucleus of mouse 
S embryos The injected and survived embryos were grouped about 25 to 30 and transferred into 
£ the fallopian tubes of foster dams, with copulatory plugs put into place after matmg with 
U vasectomized male, as soon as possible. After laboring, pups were nursed for three weeks and 
I- then a small piece of tissue was cut from the tail for genomic DN A extraction to screen the 

CO exogene by PCR. 

ft r^ratinn of Transgenic Pigs 

[0064] Pure breed Landrace (L), Yorkshire (Y), Duroc (D) or their cross-bred (LY) gibs betng 
a, leas, seven and ha.f months old were used. The animals were fed with 1.0 to 1.2 kg 
commercial feed twice daily and access to water ad IMtium. Lactation sows were fed wtth 
lactation feed. The transgenic piglets were weaned at 28 days after delivery. 
[0065] All embryo donor and recipient gilts were synchronized by feeding Regumate* 
(containing 0.4% altrenogest; 20 mg/day; Intervet, Boxmeer, Netherlands), mixed wtth 
commercial feed in the morning for 15 days, superovulated by injection of PMSG (1 ,500-2,000 
,U i m purchased from China Chem. and Pharm. , Taiwan), at 24 hrs after the last feeding 
Regumate* and injection of hCG (1,250-1,750 IU), a. 76-78 hrs after the injection of PMSG, 
and serviced by artificial msemination with pure breed L, Y, or D boars' fresh-dinned semen 
at 24-36 hrs after the injection of hCG. 

[0066] At 54-56 hrs after hCG injection, the donor pigs were surgically operated on to flush 
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fertilized zygotes from the Miopia, rubes with 20 ml DmbeccoVPBS (purchased from 
Gibco/BRL, USA) with 0.4% BSA (purchased from Fraetion V, Sigma, USA) into a dtsh. 
Before operation, pigs were fasted overnight, and were sedated by injection (i.m.) with 5 ml 
stertail (2 mg/kg, purchased from Janssen Pharmaceuuca), Belgium) and 10 m. atropine sulfa. 
(90 04 mg/kg, purchase from China Chem. and Pham,, Taiwan). Then, they were mmally 
anaesthetized by injection of sodium pentobarbitone (10 mg/kg, purchased from Abbot. 
Australia Pry Ltd., Australia), into an ear vein. AnesOtesia was main«aine4 teoughou, the 
operation by 4% halothene (purchased from Id Ltd., USA), inhalation. Embryos were 
surgically transferred into the faUopian tube of outer synchronized foster pigs with the same 
primes as for donors. Upon the faUowing, a smaH piece of the pig.efs ear or tad US- 
was taken to extract their genomic DNA for analysis. 

4 ,0067] The fertdized zygotes were centrihtged with 23,500 xg for 8 min. in room temperahrre 
cLfuge (KettlC EBA 12, Germany), to expose pronuclei. The pig embryos werc 

5 IlanlpLed by Uica mechanical manipu,ator with differential ~ 
% ^microscope^ZE.SSAxiovert.S.Oermany). 

» pronucleus of new fertilized zygotes or nuclear oftwo^U stage of p.g em ryos After 2 
S Tpig embryos were injected, the embryos were transferred into the fa„optan mbes of 
5 recipient - synchronized as soon as possible. 

,0,68, As showed in TaHe 1, .here were 383 mice embryos and 180 pig embryos injected a*) 

f s mice and 1 pig proved to be transgenic, 
and 18 oislets born, of these 5 mice ana i pig y 

\-~T^Z^s ^ster No. of pups or p.g ets 

Microinjecdon E TMic.oinjec.ion Pregnant <%> Bon. T^gemc(%, 
jgj 15 10(66.7) 30 5 (16.7) 

J" 180 180 8 4.(50.0) 18 I*« 

E.T = embryo transfer 
* One sow is still in pregnancy. 
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^^^^^ . , th£ tissue of live mice or ear tissue 

[0069] Upon the delivering of mouse pups or piglets, the tail tissue 
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of piglets, respectively, were taken to extract genomic DNAs as PCR template at the weaning 
or delivery day. 

[0070] The transgene was screened by PCR with following specific primer pairs which 
designated according to up strand of aLA promoter sequence and down strand of hirudin 
sequence. 

[0071] (SEQ ID NO:ll)Forward primer: 5'-GCT TCC TAG AAC CAA CAC TAC CAG-3' 
[0072] (SEQ ID NO:12)Reverse primer. 5'-GTC GCC GTC GTT GTG AGA CTG -3' 
[0073] Taking above template DNAs (lng each) and pE-ccLA-Hi (lng, as positive control) to 
add into respective PCR reaction mixture which containing 10-time PCR buffer (10 fx\, 
comprising 15 mM MgCl 2 , 500 mM KC1, 1% Triton X-100, 0.1% gelatin and 100 mM Tris- 
K HC1 pH 7.9), dATP, dCTP, dTTP and dGTP (200 fxM each), the above primer pair (0.2 M M 
g each) and 0.5U Tth polymerase. The PCR mixtures were heated at 94°C for 3 minutes before 
5 entering the PCR cycles. The reaction conditions are 94°C for 60 seconds, 55°C for 60 
m seconds and 72° C for 60 seconds. After a total of 40 cycles, the mixtures were subjected to 
if 72°C for 3 minutes to complete the DNA extension. Then the PCR products were 
;U electrophorized by 2% agarose gel and the PCR products are 472 bp in length as showed in 
Fig. 8. 
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